Trace metals (As, Cd, Cr, Hg, Pb and Se) in African giant land snails from selected Local Government Areas (LGA) in Akwa Ibom State of Nigeria were analysed using atomic absorption spectrophotometric (AAS) technique. Results showed that the mean levels of Cr (399 ± 195 mg/kg) and Se (51.6 ± 31.3 mg/kg) were significantly higher (P < 0.05) than the maximum recommended limits of 1.0 mg/kg and 3.5 mg/kg for Cr and Se, respectively. As, Cd and Pb levels were beyond the detection limit in the snail samples obtained from Essien Udim, Ikot Ekpene and Etim Ekpo LGA. Similarly, Hg level was beyond the detection limit in all samples investigated. The general pattern of trace metals levels was in the order: Cr > Se > Pb > Cd > As > Hg. The results showed that As and Hg fell within their permissible safe levels; but Cd, Cr, Pb and Se were significantly above safe levels for human consumption. The high concentration of trace metals in the snail samples may be related to anthropogenic activities taking place in the areas studied.
Introduction
Trace metals are natural components of the earth crust and cannot be degraded. The systematic release of these metals from both natural sources and human activities into the environment is of great concern [1] . Some of these metals pose a risk to environmental and human health via the food chain and other sources of human exposure as a result of their toxicity [2] . These contaminants are accumulated by living organisms in their bodies and subsequently biomagnified as they pass from one trophic level to the next. Contamination of terrestrial environment by trace elements leads to an increasing uptake of metals by soil invertebrates, including land snails. Since man is at the top of food chain, he is vulnerable to metal pollution [3] .
The African giant land snail feeds on the debris from the soil surface which may be contaminated with trace metals which may have accumulated to harmful levels. Snails are abundant in many terrestrial and aquatic ecosystems, being easily available for collection. They are highly tolerant to many pollutants and exhibit high accumulations of them, particularly heavy metals [4] . Trace metals such as Cu, Zn, Pb, Hg, Al, Cr and Cd are normal constituents of marine environment, and traces are always found in marine organisms [5] .
Metal uptake through food is regarded as the main route of contamination in terrestrial invertebrates [4] . Metal uptake via epithelial tissues cannot be ignored because terrestrial pulmonates spend their entire lives on or in the upper soil horizons and therefore, the snail tegument comes frequently in direct contact with polluted substrates [6] . However, in natural environments, metal uptake is a cumulative process that occurs via mixed air, soil and food exposures [7] . Most ingested metals are metabolically regulated in the snail body either by cellular compartmentalization or by complexation to specific metallothioneins [6] . Such processes of bioaccumulation in organisms may be associated with significant interactions between these trace metals and macro metallic elements such as K, Ca, Na and Mg. Thus, people who eat snails from estuarine or coastal areas from oil polluted soils are at risk of trace metal poisoning [8] . Very little information is known of metal levels in the African giant snail as consumed in the Southern part of Nigeria. This work was tailored towards assessing the levels of toxic trace metals in African giant snail commonly consumed by majority of populace in Southern Nigeria.
Materials and Methods
Study Area: Akwa Ibom is a leading petroleum producing state located in the Coastal Southern Nigeria, lying between latitudes 4˚321 and 5˚331 North and longitudes 7˚251 and 8˚251 East (Figure 1) . Majority of the Figure 1 . Ten (10) samples of A. achatina (mean length of 10.6 ± 1.2 cm and mean weight of 87.8 ± 27.6 g) were collected from each of the five Local Government Areas making a total of 50 samples. The samples were packaged in polyethylene bags, labelled according to each sampling station and taken to laboratory for sample pre-treatment and analysis. A typical sample of A. achatina is illustrated in Figure 2 .
The snail samples were sacrificed by striking with a wooden material on the shell carefully. The foot was then separated and washed with distilled de-ionized water, dried in an oven at the temperature of 105˚C to constant weight. After drying, samples were ground to fine powder using porcelain mortar and pestle. The powdered samples were stored in 100 mL air tight bottles, ready for digestion.
Sample Digestion: Exactly 1.0 g of the dried powders sample was weighed accurately and transferred to a 50 mL beaker. A total of 10 mL of the digestion mixture in the ratio (1:2:2) perchloric, nitric and sulphuric acid was added into the sample and heated on a hot plate in a fume hood. The mixture was heated until a white fume was observed signifying complete digestion. The sample was allowed to cool and 20 mL of distilled de-ionized water was added to bring the metals into solution. The sample was allowed to cool to room temperature and filtered using What man filter into a 100 mL volumetric flask and made up to mark with distilled water and finally transferred to a 100 mL plastic bottle for atomic absorption spectroscopic (AAS) analysis. The AAS analysis was done in triplicates for each sample and calibration curves were obtained for the trace metals under investigations from their standard salts.
Statistical analysis: Microsoft Excel 2007 was used for graphical illustrations. Means were determined using SPSS version 16.0. One-way ANOVA (non-parametric test) statistical analysis was used to estimate differences and significance levels at P > 0.05.
Results and Discussion
The mean concentrations (mg/kg) of trace metal analysis were presented in bar charts as shown in Figures 3-7 . Two out of six trace metals investigated remained within their permissible safe levels while four were significantly their above safe levels for human consumption. One of the trace metals (Hg) was below the detection limit in all the sampling areas.
As: In all the samples examined using AAS, As was detected in four samples in Abak, in Obot Akara one sample was detected. The level of As in the sampling area ranged from 0.21 to 0.81 mg/kg with mean concentration of 0.45 ± 0.26 mg/kg. In Essien Udim, Ikot Ekpene and Etim Ekpo Local Government areas, the levels of As were below the detection limit (Figure 3 ). The highest concentration of As was found in Abak to be 0.81 mg/kg. Adebayo-Tayo et al. [10] investigated As contents of freshwater snails from the creek in Niger Delta, Nigeria and values ranged from 0.04 mg/kg to 0.37 mg/kg. Adedeji et al. [11] investigated heavy metals content in snail form Alaro River within Oluyole industrial area in Ibadan, Nigeria and the level of As recorded was 0.01 mg/kg. Nwoko et al. [12] reported the concentration of As in samples of snail for both shell and tissue. The results obtained were less than 0.50 mg/kg for the snail shell and tissue. The mean value reported in this work was within the range of other similar investigations. Chronic exposure to As may cause serious impact on peripheral and central nervous system [13] . The levels of As recorded in Abak and Obot Akara were below maximum prescribed limits according to Food and Agriculture Organization/World Health Organization [14] recommended values for elements.
Cd: Cadmium levels in the snail samples from Abak was high and alarming, it ranged from 0.42 mg/kg to 2.80 mg/kg which were above the standard limit of 0.3 mg/kg [14] . The level at Obot Akara, Essien Udim, Ikot Ekpene and Etim Ekpo Local Government area were below the detection limit (Figure 4) . Chukwujindu et al. [15] reported 0.99 mg/kg to 3.28 mg/kg range of Cd in giant African snail (Archachatina marginata) from nine localities in southern Nigeria, which is greater than the amount detected in this work. Neeratanaphan et al. [16] working on genetic erosion in the freshwater snail (filopaludina martensi) reported the average concentrations of Cd found in the tissue of freshwater snails during the rainy season to be 0.10 μg/g, in winter 0.06 μg/g and summer 0.07 μg/g, respectively.
Adedeji et al., [11] recorded a concentration of 0.01 mg/kg Cd in snail from Alaro River within Oluyole industrial area in Ibadann Nigeria. Sivaperumal et al. [17] found Cd concentrations ranging from undetectable to 0.98 mg/kg in some mollusc species in India. The levels of Cd found in this study were higher than the range reported by those investigators, but lower than the 5.7 mg/kg cadmium reported for land snails collected near a highway in France [18] . Ayenimo et al. [19] reported Cd concentration to be 0.57 mg/kg in periwinkles samples (Tympanostomus fuscatus) bought from different major markets in Warri Township of Delta State, Nigeria. Eneji et al. [20] reported 0.93 mg/kg and 0.99 mg/kg in C. gariepinus and T. zilli from River Benue. Falusi and Olanipekun, [21] reported cadmium concentration in tropical crab from Aponwe, river Ado-Ekiti to be 0.07 mg/kg, less than that detected in this work. The level of Cd obtained may induce kidney dysfunction, skeletal damage and reproductive deficiency for those that consume snails [22] . The levels of Cd recorded in Abak were higher than the maximum prescribed limit as recommended by Codex Alimentarius Commission [14] . This high level of Cd might be due to anthropogenic sources which include industrial effluents, application of fertilizers and sewage sludge to farmland [23] .
Cr: Chromium in trivalent state is an essential trace element that potentiates insulin action and thus influences carbohydrate, lipid and protein metabolism [24] . In this study, the level of Cr was found to be significantly higher (P < 0.05). The level of Cr in all the sampling areas ranged from 40.8 to 857 mg/kg with mean concentration of 379 ± 195 mg/kg. The mean level Cr at each local government area was presented in Figure 5 . The highest mean concentration of chromium was recorded in Obot Akara Local Government area. Adedeji et al. [11] recorded a concentration of 0.08 mg/kg Cr in snail form Alaro River within Oluyole industrial area in Ibadan, Nigeria.
Nwoko et al. [12] reported the concentration of Cr in samples of snail for both shell and tissue. The results obtained were less than 1.00 mg/kg and 1.00 mg/kg for shell and tissue, respectively. Ayenimo et al. [19] reported chromium concentration to be 13.6 mg/kg in periwinkles samples (Tympanostomus fuscatus) bought from different major markets in Warri Township of Delta State, Nigeria. Eneji et al. [20] reported 92.9 mg/kg of Cr in T. zilli and 88.5 mg/kg of Cr in C. gariepinus from river Benue. The level of Cr recorded in all the sampling stations were higher than the maximum prescribed limit as recommended by Codex Alimentarius Commission values for elements [14] . Excessive intake of this element has an adverse effect on human health as it is considered as carcinogenic in its +6 oxidation state.
Hg: Mercury is one of the most toxic elements among the studied trace metals and exposure to moderate level of this element could permanently damage the brain, kidneys and developing foetus [14] . The levels of Hg in African giant snail investigated were below detection limit in all the five sampling stations examined. Piansiri and Pachanee [25] reported the concentrations of Hg found in the snail tissues and water after 96 hours of exposure and the mean concentrations of mercury in the experimental water after 96 hour was 0.12±0.00 mg/L. Ekpo et al. [26] reported Hg concentrations in Metacembelus Iconnbergii, Clarias lazera, Citarinus cithanus, Tilapia Zilli and Erpetoicithy from Ikpo River in Benin City, Nigeria to be 0.004 mg/kg, 0.003 mg/kg, 0.003 mg/kg, 0.00 mg/kg and 0.002 mg/kg, respectively. Alinnor and Obiji [27] work on Nworier river, reported Hg level of mean concentration in Liza grandisaquamis and Sphyraena Sphyraena to be 0.01 mg/kg and 0.01 mg/kg, respectively. According to Codex Alimentarius Commission, the maximum Hg level permitted limit is 0.5 mg/kg [14] .
Pb: Lead is toxic to humans, with the most deleterious effects on the hemopoietic, nervous, reproductive systems and the urinary tract. It has been documented that Pb causes damage to human kidneys and liver [17] . Food and Agriculture Organization/World Health Organization set maximum permitted level for Pb to be 1.5 mg/kg [14] . In this research, the concentration of lead analyzed in Obot Akara, Essien Udim, Ikot Ekpene and Etim Ekpo were below detection limit except in Abak where the Pb concentration was observed to be 1.91 mg/kg (Figure 6 ). Viard et al., [18] reported 21.3 mg/kg Pb in A. achatina collected near a highway in France. Aboho et al. [28] investigated Pb contents of viscera and shells of A. achatina to be 0.43 mg/kg to 0.79 mg/kg, in Makurdi Metropolis. Chukwujindu et al. [15] reported 0.77 mg/kg to 7.51 mg/kg range of Pb in giant African land snail (Archachatina marginata) from nine localities in southern Nigeria which is greater than the level detected in this work. Altu and Nihal [29] recorded 0.52 mg/kg to 1.25 mg/kg ranged concentration of Pb in sea snails (Rapana venosa) from the Northern Marmara Sea, Turkey. Neeratanaphan et al. [16] working on genetic erosion in the freshwater snail Filopaludina martensi reported the average concentrations of Pb found in the tissue of freshwater snails during the rainy season to be 0.01 μg/g, in winter to be 0.00 μg/g and summer to be 0.01 μg/g, respectively. The higher concentration of Pb was measured in Abak which was higher than the maximum prescribed limit as recommended by Codex Alimentarius Commission [14] recommended values for elements. The main sources of Pb pollution are automobile exhaust gases and untreated industrial waste which finds its way to irrigation channels, thus polluting fodder through soil [30] .
Se: The level of Se in the sampling area ranged from 24.8 to 72.4 mg/kg with mean concentration of 51.6 ± 31.3 mg/kg (See Figure 7) . Adrian and Nadezhda [31] reported Se contents of land snails ranged from 130 μg/kg to 423 μg/kg in Helix pomatia from Bendery, Moldovian Republic.
Olabanji and Oluyemi [32] reported Se ranged in T. zillii fillet between 0.80 μg/g to 1.20 μg/g with mean concentration of 0.97 ± 0.061 μg/g and in M. rume fillet, it ranged between 0.60 μg/g with mean concentration of 0.73 ± 0.10 μg/g. The level of Se recorded in Abak, Obot Akara, Essiem Udim, Ikot Ekpene and Etim Ekpo were all higher than the maximum prescribed limit as recommended by Codex Alimentarius Commission [14] . March 2016 | Volume 3 | e2244 In this study, the level of Se was found to be significantly lower (P > 0.05) in Se content determined. Excess intake of Se can be toxic and symptoms that manifest in selenosis include a garlicky odour of the breath, hair loss, nausea, diarrhoea, fatigue, changes in fingernails and toenails.
Conclusion
The present study revealed that African giant land snail samples obtained from the study area of Akwa Ibom State contained significantly high levels of trace metals that exceed the maximum prescribed limits for elements [14] . Although snails are nutritionally richer in protein, the high concentrations of trace metals observed in this work can be related to the anthropogenic activities taking place in these areas. Even though As and Hg fell within their permissible safe levels for human consumption, Cd, Cr, Pb and Se were significantly above their safe levels for human consumption.
